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p24: GGPGHKARVL 

p24gp4l: GG-AS-PGHKARVL 

p24gp41-2: GG-AZ-PGHKARVL 

p24gp4l-1,2: GG-AS-AZ-PGHKARVL 

p24gp4l-l,2,l, 1: GG-AS-AZ-AS-AS-PGHKARVL 

FIG. 6 
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HIV ANTIBODY ASSAYS COMPRISING 
P24-GP41 CHIMERIC ANTIGENS 

CROSS REFERENCE TO RELATED 
APPLICATION 

This is a division of application Ser. No. 07/344,237, ?led 
Apr. 26, 1989, now U.S. Pat. No. 5,204,259, that was a 
continuation-in-part of applications Ser. Nos. 07/191,229, 
?led May 6, 1988, 07/206,499, ?led Jun. 13, 1988, and 
07/258,016, ?led Oct. 14, 1988, all of which are abandoned, 
and the disclosures of each of which are hereby incorporated 
by reference. 

TECHNICAL FIELD 

The present invention relates to a segment of deoxyribo 
nucleic acid (DNA) that encodes either a recombinant HIV 
p24 protein and/or a HIV p24-gp41 fusion protein and a 
recombinant DNA (rDNA) that contains the DNA segment. 
Cells transformed with a rDNA of the present invention and 
methods for producing HIV p24-gp4l fusion protein are also 
contemplated. 

BACKGROUND OF THE INVENTION 

The human immunode?ciency virus, (HIV), is believed to 
be the causative agent of Acquired Immunode?ciency Syn 
drome (AIDS). The nucleic acid sequence of the HIV 
proviral genome has been deduced and the location of 
various protein coding regions within the viral genome has 
been determined. 
Of particular interest to the present invention is that 

portion of the HIV genome known in the art as the gag 
region. The gag region is believed to encode a precursor 
protein that is cleaved and processed into three mature 
proteins, pl7, p24 and p15. The HIV p24 protein has an 
apparent relative molecular weight of about 24,000 daltons 
and is known in the art as the HIV core antigen because it 
forms the viral capsid. 
The p24 antigen of HIV is of particular interest because 

studies have indicated that the ?rst evidence of anti-HIV 
antibody formation (sero- conversion) in infected individu 
als is the appearance of antibodies induced by the p24 
antigen, i.e., anti-p24 antibodies. In addition, recent studies 
have reported that p24 protein can be detected in blood 
samples even before the detection of anti p24 antibodies. 
Detecting the presence of either the p24 protein or anti-p24 
antibodies therefore appear to be the best approach to 
detecting HIV infection at the earliest point in time. 

Furthermore, the p24 antigen reappears in the blood of 
infected individuals concomitant with the decline of anti 
p24 antibody in patients showing the deterioration in their 
clinical condition that accompanies transition into full 
blown AIDS. Thus, the p24 antigen can serve as an effective 
prognostic marker in patients undergoing therapy. 
The development of immunoassays for detecting anti-p24 

antibodies has been limited by dii?culties in producing 
su?icient quantities of HIV p24 protein that is essentially 
free of immunoreactive contaminants. The presence of con 
taminants that immunoreact with antibodies present in 
patient samples results in lower assay speci?city and sensi 
tivity and an increase in false positive results. 

Presently, when assaying for anti-p24 antibodies in a 
blood sample, the art typically overcomes the presence of 
contaminants in HIV p24 protein preparations by preabsorb~ 
ing the sample with a preparation containing the contami~ 
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2 
nants. For instance, Dowbenko et al., Proc Natl Acad Sci 
USA 82:7748-7752 (1985) reported using recombinant 
DNA methods to produce in E. coli a HIV p24 fusion 
protein. However, an immunoa?inity-puri?ed preparation of 
the p24 fusion protein contained a level of E. coli protein 
contaminants sufficient to require preabsorbing the blood 
samples being tested with E. coli protein extracts. 

Similarly, Steimer et al., ViroL, 150: 283-290 (1986) 
reported producing a truncated HIV p24 in E. coli. The 
truncated p24 was isolated from contaminating E. coli 
proteins using ammonium sulfate precipitation and fraction 
ation by gel ?ltration to produce a p24 antigen preparation 
described as being greater than 99% pure. However, use of 
that p24 antigen preparation in an enzyme linked immun 
osorbent assay (ELISA) to detect anti-p24 antibodies still 
required preadsorbing the blood samples with E. coli pro 
teins. European patent application No. 853094548, pub 
lished Jul. 9, 1986 (publication No. 0187041) also describes 
the expression of HIV p24 fusion protein in E. coli. 
Two difficulties in using genetically engineered E. coli to 

produce a HIV p24 antigen preparation that is essentially 
free of contaminating E. coli proteins are insolubility and 
low yield of the recombinantly produced protein. For 
example, Dowbenko et al., supra, Ghrayeb et al., DNA, 
5:93-99 (1986) and Shoeman et al., Anal. Biochem, 
161:370-379 (1987) have reported that HIV p24 fusion 
proteins produced in E. coli accumulated as insoluble aggre 
gates (“inclusion bodies”) within the producing bacteria. 
The aggregates, which can be seen as granules in electron 
micrographs of the bacteria, were recovered in the pellet 
fraction after cell lysis (breakage) and centrifugation. Solu 
bilization of the protein from the pellet then required treat 
ment with strong denaturing agents. 
The yield of a recombinant protein from transformed 

bacteria is directly related to its translation rate. A recom 
binant protein cannot be synthesized faster than the slowest 
step in the entire translation process. Translation initiation, 
elongation and termination have all been found to be steps 
whose efficiency is not predictable from DNA sequence 
alone. 

For example, Steimer et al., supra, reported examining the 
effect on translation e?iciency of varying the three nucle 
otides 5' of the initiator AUG in a rDNA coding for an 
amino-terminal truncated HIV p24 protein. This area of the 
rDNA was examined because it is involved in de?ning the 
translation initiation (ribosome binding) site. Steimer et al. 
found that the efficiency of translation initiation depended 
upon the integration of several factors and was not predict 
able from the DNA sequence of the ribosome binding site 
region. 

SUMMARY OF THE lNVENTION 

The present invention contemplates a DNA segment com 
prising a ?rst nucleotide base sequence operatively linked at 
its 3‘ terminus to the 5' terminus of a second nucleotide base 
sequence. The ?rst sequence has a nucleotide base sequence 
represented by the formula: 

AGGAGGGT'I‘TTTCAT. 

The second sequence has a nucleotide base sequence that 
codes for a recombinant HIV p24 protein. 
The present invention also contemplates a recombinant 

DNA comprising a vector operatively linked to a DNA 
segment. The DNA segment comprises a ?rst nucleotide 
base sequence operatively linked at its 3' terminus to the 5' 
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terminus of a second nucleotide base sequence. The ?rst 
sequence has a nucleotide base sequence represented by the 
formula: 

The second sequence has a nucleotide base sequence that 
codes for a recombinant HIV p24 protein. 
The present invention contemplates a DNA segment 

encoding an amino acid residue sequence represented by 
FIG. 1B from residue 1 to about residue 257, by FIG. 1C 
from residue 1 to residue 258 or by FIG. 1E from residue 1 
to residue 283. Preferably the DNA segment has a particular 
nucleotide base sequence represented by FIG. 1B, 1C or 1E. 

Also contemplated is a recombinant DNA molecule com 
prising a vector, preferably an expression vector, operatively 
linked to a DNA segment of the present invention. A 
preferred recombinant DNA molecule is pGEXp24gp4l, 
pGEXp24gp41-2 or pGEXp24gp41-l,2. , 
A HIV p24-gp4l fusion protein having an amino acid 

residue sequence represented by FIG. 1B from residue 1 or 
2 to about residue 257, by FIG. 1C from residue 1 or 2 to 
about residue 258 or by FIG. 1E from residue 1 or 2 to about 
residue 283 is also contemplated. 

Further contemplated is a culture of cells transformed 
with a recombinant DNA molecule of this invention‘and 
methods of producing the recombinant HIV p24 or HIV 
p24-gp41 fusion proteins of this invention using the culture. 

Also contemplated is a composition comprising recom 
binant HIV p24 protein. The composition is further charac 
terized as being essentially free of (a) procaryotic antigens, 
and (b) other HIV-related proteins. 

Still further contemplated is a diagnostic system in kit 
form comprising, in an amount sufficient to perform at least 
one assay, a recombinant HIV p24 protein composition of 
this invention, as a separately packaged reagent. 

In another embodiment, the present invention contem 
plates a diagnostic system, in kit form, comprising a HIV 
p24-gp4l fusion protein of this invention. Preferably, the 
diagnostic system contains the HIV p24-gp41 fusion protein 
affixed to a solid matrix. 

Further contemplated is a method of assaying a body ?uid 
sample for the presence of antibodies against at least one of 
the I-HV antigens p24 and gp4l. The method comprises 
forming an immunoreaction admixture by admixing the 
body ?uid sample with a IHV p24-gp4l fusion protein of 
this invention. The immunoreaction admixture is maintained 
for a time period sufficient for any of the antibodies present 
to immunoreact with the fusion protein to form an immu 
noreaction product, which product, when detected, is indica 
tive of the presence of anti-HIV p24 and/or anti-HIV gp41 
antibodies. Preferably, the fusion protein is a?ixed to a solid 
matrix when practicing the method. 

In another embodiment, this invention contemplates an 
inocnlum comprising a therapeutically effective amount of 
recombinant HIV p24 protein in a pharrnaceutically accept 
able carrier. The inocnlum is essentially free of (a) procary 
otic antigens, and (b) other HIV-related proteins. 
A method for treating HIV infection, which method 

comprises administering an inoculum of the present inven 
tion, is also contemplated. 

BRIEF SUMMARY OF THE DRAWINGS 

FIG. 1, containing panels 1A, 1B, 1C, 1D and 1E, 
illustrates the nucleotide base sequences of preferred DNA 
segments of the present invention. The base sequences are 
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4 
shown conventionally from left to right and in the direction 
of 5' terminus to 3' terminus using the single letter nucleotide 
base code (A=adenine, T=thymine, C=cytosine and G=gua 
nine). In all panels of FIG. 1 nucleotide bases 1-4 represent 
the Shine-Dalgamo sequence [Shine et al., Proc. Natl. Acad. 
Sci. USA, 7121342 (1974)] bases 1-15 de?ne a ribosome 
binding site; and bases 16-690 de?ne a majority of the 
recombinant HIV p24 protein structural gene. 
The reading frame of the structural genes illustrated in all 

panels of FIG. 1 is indicated by placement of the deduced 
amino acid residue sequence of the protein for which it 
codes above the nucleotide sequence such that the triple 
letter code for each amino acid residue (Table of Correspon 
dence) is located directly above the three bases (codon) 
coding for each residue. The residue sequence is shown 
conventionally from left to right and in the direction of 
amino terminus to carboxy terminus. The position in the 
respective amino acid residue and nucleotide base sequences 
of the right-hand most residue and base is indicated by the 
numbers in the right margin of the ?gure. The DNA encoded 
amino acid residue sequence of preferred recombinant HIV 
related proteins are shown above the structural gene that 
encodes each protein. 
The nucleotide base sequences represented by bases 

15-718, 15-793, 15-796, 15-1021 and 15-821, in panels 1A, 
1B, 1C, 1D and 1E respectively, illustrate preferred DNA 
segments, each having a 5' coding strand terminus comple 
mentary to a nucleotide base sequence produced by cleavage 
with the restriction endonuclease Nde I, i.e., a Nde I cohe 
sive terminus, and a 3‘ coding strand terminus complemen 
tary to a nucleotide base sequence produced by cleavage 
with the restriction endonuclease BamH I, i.e., a BamH I 
cohesive terminus. 
The recombinant HIV p24 protein illustrated in panel 1A 

contains an amino acid residue sequence corresponding to 
residues 1-232. 
The HIV p24-gp41 fusion protein (p24-A5) illustrated in 

panel 1B contains an amino-terminal HIV p24 polypeptide 
portion corresponding to residues 1-225, an intermediate 
HIV gp4l polypeptide portion corresponding to residues 
226-248, a Gly-Pro dipeptide linker portion corresponding 
to residues 249-250, and a carboxy-terrninal HIV p24 
polypeptide portion corresponding to residues 251-257. 
The HIV p24-gp4l-2 ?ision protein (p24~A2) illustrated 

in panel 1C contains an amino-terminal HIV p24 polypep 
tide portion corresponding to residues 1-225, an interrnedi 
ate HIV gp4l polypeptide portion corresponding to residues 
226-249, a Gly-Pro dipeptide linker portion corresponding 
to residues 250-251, and a carboxy-terminal HIV p24 
polypeptide portion corresponding to residues 252-258. 
The HIV p24-gp4l-l,2,l,l fusion protein (p24-A5-A2 

A5-A5) illustrated in panel 1D contains an amino-terminal 
HIV p24 polypeptide portion corresponding to residues 
l-225, four intermediate HIV gp41 polypeptide portions 
corresponding to residues 226-248, 251-274, 277-299, and 
302-324, four Gly-Pro dipeptide linker portions correspond 
ing to residues 249-250, 275-276, 300-301 and 325-326, 
and a carboxy-terminal HIV p24 polypeptide portion corre 
sponding to residues 327-333. 
The HIV p24-gp4l-l,2 fusion protein (p24-A5-A2) illus 

trated in panel 1E contains an amino-terminal HIV p24 
polypeptide portion corresponding to residues 1-225, two 
intermediate HIV gp41 polypeptide portions corresponding 
to residues 226-248 and 251-274, two Gly-Pro dipeptide 
linker portions corresponding to residues 249-250 and 
275-276, and a carboxy-terminal HIV p24 polypeptide 
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portion corresponding to residues 277-283. 
FIG. 2, panel A, illustrates construction of the pGEXp24 

recombinant DNA for expressing recombinant HIV p24 
protein in E. coli. The recombinant DNAs manipulated and 
produced by the construction process are indicated in the 
?gure by the circles. The construction proceeds by a series 
of steps as indicated by the arrows connecting the circles in 
the ?gure and as described in detail in Example 1. Landmark 
and utilized restriction enzyme recognition sites are indi 
cated on the circles by labeled lines intersecting the circles. 
The relative location of individual genes and their direction 
of transcription are indicated by the labeled arrows inside 
the circles. 

Panel B of FIG. 2 illustrates construction of the recom 
binant DNA plasmid pGEXp24gp4l by ligating an oligo 
nucleotide coding for the single underlined amino acid 
residue sequence (peptide A5) into the PpuM I restriction 
site located within the HIV p24 structural gene of pGEXp24. 
The ligation resulted in the formation of a structural gene, 
shown in FIG. 1B, operatively linked to the pGEX7 vector 
and coding for the HIV p24-gp41 fusion protein also shown 
in FIG. 1B (residues l-257). 

FIG. 3 illustrates SDS-PAGE of bacterial cell lysates 
containing the pGEXp24 plasmid. Cells were held at 42 
degrees C. (42C) for 0 minutes (lane 1), 0.5 hours (lane 2), 
1 hour (lane 3) and 2 hours (lane 4). 

FIG. 4 illustrates SDS gel electrophoresis of puri?ed 
recombinant p24 polypeptide from HIV-l gag. Lane A 
contains the low molecular weight standards, shown in 
kilodaltons in the left margin, (catalog No. 161,030; Biorad, 
Richmond, Calif). Lanes B and C contain 12 and 24 
micrograms, respectively, of essentially pure recombinant 
HIV p24 protein of the invention. 

FIG. 5 illustrates a Western blot, prepared as described in 
Example 3E, using a SDS-PAGE gel of E. coli transformed 
with pGEXp24 plasmid. After induction at 42C, cell lysates 
were prepared at 0 minutes (lane 1), 30 minutes (lane 2), 1 
hour (lane 3) and 2 hours (lane 4). 

FIG. 6 illustrates the carboxy termini of the recombinant 
I-HV p24 protein and HIV p24-gp4l fusion proteins of the 
present invention. The upper portion of the Figure depicts 
the amino acid residue sequence from the amino- to car 
boxy-terminus and in the direction from left to right, of the 
polypeptides A5 and A2. The lower portion depicts the 
amino acid residue sequence of the carboxy termini of ?ve 
HIV antigens of the present invention: recombinant HIV p24 
protein (p24), and the HIV fusions proteins p24gp41, 
p24gp4l-2, p24gp41-1,2 and p24gp4l-l,2,l,1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A. De?nitions 

Amino Acid: All amino acid residues identi?ed herein are 
in the natural L-con?guration. In keeping with standard 
polypeptide nomenclature, J. Biol. Chem., 243:3557-59, 
(1969), abbreviations for amino acid residues are as shown 
in the following Table of Correspondence: 
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TABLE OF CORRESPONDENCE 

SYMBOL 

l-Letter S-Letter AMINO ACID 

Y Tyr L-tyr'osine 
G Gly glycine 
F Phe L-phenylalanine 
M Met L-methionine 
A Ala L-alanine 
S Ser L-serine 
I Ile L-isoleucine 
L Leu bleucine 
T Thr L-threonine 
V Val Irvaline 
P Pro lrproline 
K Lys L-lysiue 
H His L~histidine 
Q Gln L-glutamine 
E Glu L—glutamic acid 
W Trp L-tryptophau 
R Arg L-arginine 
D Asp L~aspartic acid 
N Asn L-asparagine 
C cys L-cysteine 

It should be noted that all amino acid residue sequences, 
typically referred to herein as “residue sequences”, are 
represented herein by formulae whose left to right orienta 
tion is in the conventional direction of amino-terminus to 
carboxy-terminus. ‘ 

Nucleotide: a monomeric unit of DNA or RNA consisting 
of a sugar moiety (pentose), a phosphate, and a nitrogenous 
heterocyclic base. The base is linked to the sugar moiety via 
the glycosidic carbon (1' carbon of the pentose) and that 
combination of base and sugar is a nucleoside. When the 
nucleoside contains a phosphate group bonded to the 3' or 5' 
position of the pentose it is referred to as a nucleotide. A 
sequence of operatively linked nucleotides is typically 
referred to herein as a “base sequence” and is represented 
herein by a formula whose left to right orientation is in the 
conventional direction of 5'-terminus to 3‘~terminus. 

Base Pair (bp): A partnership of adenine (A) with thymine 
(T), or of cytosine (C) with guanine (G) in a double stranded 
DNA molecule. ' 

B. DNA Segments 

In living organisms, the amino acid residue sequence of a 
protein or polypeptide is directly related via the genetic code 
to the deoxyribonucleic acid (DNA) sequence of the struc 
tural gene that codes for the protein. Thus, a structural gene 
can be de?ned in terms of the amino acid residue sequence, 
i.e., protein or polypeptide, for which it codes. 
An important and well known feature of the genetic code 

is its redundancy. That is, for most of the amino acids used 
to make proteins, more than one coding nucleotide triplet 
(codon) can code for or designate a particular amino acid 
residue. Therefore, a number of different nucleotide 
sequences may code for a particular amino acid residue 
sequence. Such nucleotide sequences are considered func 
tionally equivalent since they can result in the production of 
the same amino acid residue sequence in all organisms. 
Occasionally, a methylated variant of a purine or pyrimidine 
may be incorporated into a given nucleotide sequence. 
However, such methylations do not affect the coding rela 
tionship in any way. 

In one embodiment, a DNA segment of the present 
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invention comprises a ?rst nucleotide base sequence that 
de?nes a ribosome binding site and has a sequence repre 
sented by the formula: 

AGGAGGGTT'ITTCAT. 

The ?rst sequence is operatively linked at its 3' terminus to 
the 5' terminus of a second nucleotide base sequence that 
de?nes a structural gene capable of expressing a recombi 
nant HIV p24 protein. A preferred DNA segment has a base 
sequence represented by the base sequence shown in FIG. 
1A from base position 1 to base position 711 or 718. 
Preferred DNA segments further include the base sequence 
TAATAA (a base sequence representing two adjacent stop 
signals) operatively linked to the 3'-terrninus of the struc 
tural gene. In preferred embodiments, the length of the ?rst 
and second nucleotide base sequences, when linked, is no 
more than about 711 bases, and more preferably no more 
than about 10,000 bases. In addition, a DNA segment of this 
invention does not code for any other protein, or antigeni 
cally identi?able portion thereof, coded for by the gag region 
of the HIV genome. 
As used herein, the phrase “recombinant HIV p24 pro 

tein” refers to a protein of about 231 amino acid residues in 
length that has an amino acid residue sequence homologous 
to a naturally occurring mature HIV p24 protein. The 
nucleotide base residues 16-18 encode terminal methionine 
residue, shown in all panels of FIG. 1, to facilitate initiation 
of protein translation at an ATG codon, as is well known. 
However, in the bulk of the expressed protein, the methion 
ine is cleaved off during protein translation and processing 
to produce a protein that begins at amino acid residue 2 
(Proline). A recombinant HIV p24 protein is further char 
acterized as being water soluble and as not expressing any 
HIV p17 or p15 antigenic determinants. The amino acid 
residue sequence of a preferred recombinant HIV p24 pro 
tein is shown in FIG. 1A from residue 2 to residue 232. 

In another embodiment, a DNA segment of this invention 
contains a nucleotide base sequence that de?nes a structural 
gene capable of expressing a HIV p24-gp41 fusion protein. 
The phrase “HIV p24-gp41 fusion protein” refers to a 
protein having an amino~terminal HIV p24 polypeptide 
portion operatively linked by a peptide bond at its carboxy 
terminus to a HIV gp4l polypeptide portion. The HIV p24 
polypeptide portion has an arrrino acid residue sequence 
corresponding to a sequence as shown in FIG. 13 from 
about residue 2 to about residue 225. HIV p24-gp41 fusion 
protein in its expressed form has an amino acid residue 
sequence that begins at residue 2 (Proline), having the amino 
terminal methionine residue cleaved off during protein trans 
lation and processing as above for expressed HIV p24 
protein. The HIV gp41 polypeptide portion has an amino 
acid residue sequence corresponding to a polypeptide 
capable of immunoreacting with anti-IHV gp4l antibodies, 
i.e., a polypeptide displaying IHV gp41 antigenicity (an HIV 
gp41-antigenic polypeptide). Polypeptides displaying HIV 
gp4l antigenicity are well known in the art. See, for 
example, the U.S. Pat. No. 4,629,783 to Cosand, U.S. Pat. 
No. 4,735,896 to Wang et al., and Kennedy et al., Science, 
23l:1556—1559 (1986). 
A preferred HIV gp41 polypeptide portion of a HIV 

p24-gp41 fusion protein has an amino acid residue sequence 
represented by the sequence shown in FIG. 1B from residue 
226 to residue 248 or by the sequence shown in FIG. 1C 
from residue 226 to residue 249. 

In one embodiment, a HIV p24-gp4l fusion protein 
contains more than one HIV gp41 polypeptide portion, as for 
example the combination of two different HIV gp41 
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8 
polypeptide portions represented by the sequence shown in 
FIG. ID from residue 226 to residue 324, or in FIG. 1E from 
residue 226 to residue 274. 

In preferred embodiments, the HIV gp4l polypeptide 
portion of a HIV p24-gp41 fusion protein of this invention 
contains at least 10 amino acid residues, but no more than 
about 35 amino acid residues, and preferably has a length of 
about 15 to about 25 residues. 

In preferred embodiments, that portion of a HIV p24-gp41 
fusion protein encoding DNA segment of this invention that 
codes for the HIV p24 polypeptide portion has a nucleotide 
base sequence corresponding to a sequence that codes for an 
amino acid residue sequence as shown in FIG. 1B from 
about residue 1 to about residue 225, and more preferably 
has a nucleotide base sequence corresponding to a base 
sequence as shown in FIG. 1B from base 16 to base 690. 

In preferred embodiments, that portion of a HIV p24-gp41 
fusion protein encoding DNA segment of this invention that 
codes for the HIV gp41 polypeptide portion has a nucleotide 
base sequence corresponding to a sequence that codes for an 
amino acid residue sequence as shown in FIG. 1B from 
residue 226 to residue 248, in FIG. 1C from residue 226 to 
residue 249, in FIG. ID from residue 226 to residue 324, or 
in FIG. 1E from residue 226 to residue 274. More preferably 
that portion of the DNA segment coding for the HIV gp41 
polypeptide portion has a nucleotide base segment corre 
sponding in base sequence to the sequence shown in FIG. 1B 
from base 691 to base 759, in FIG. 1C from base 691 to base 
762, in FIG. 1D from base 691 to base 987, or in FIG. 1E 
from base 691 to base 837. 
Most preferably, a HIV p24-gp41 fusion protein encoding 

DNA segment of this invention has a nucleotide base 
sequence corresponding to the sequence shown in (1) FIG. 
1B from base 1 to base 786, base 15 to base 786, base 16 to 
base 786, base 1 to base 793, base 15 to base 793, or base 
16 to base 793; in (2) FIG. 1C from base 1 to base 789, base 
15 to base 789, base 16 to base 789, base 1 to base 796, base 
15 to base 796, or base 16 to base 796; in (3) FIG. 1D from 
base 1 to base 1014, base 15 to base 1014, base 16 to base 
1014, base 1 to base 1021, base 15 to base 1021, or base 16 
to base 1021; or in (4) FIG. 1B from base 1 to base 864, base 
15 to base 864, base 16 to base 864, base 1 to base 871, base 
15 to base 871, or base 16 to base 871. 

In preferred embodiments, a DNA segment of the present 
invention is bound to a complimentary DNA segment, 
thereby forming a double stranded DNA segment. Prefer 
ably, a double stranded DNA segment of this invention 
includes no more than about 800 base pairs, preferably no 
more than about 5000 base pairs, and more preferably no 
more than about 10,000 base pairs. In addition, it should be 
noted that a double stranded DNA segment of this invention 
preferably has a single stranded cohesive tail at one or both 
of its termini. 
A DNA segment of the present invention can easily be 

prepared from isolated virus obtain from HIV-infected indi 
viduals or synthesized by chemical techniques, for example, 
the phosphotn'ester method of Matteucci et al., J. Am. Chem. 
Soc., 103:3185 (1981). (The disclosures of the art cited 
herein are incorporated herein by reference.) Of course, by 
chemically synthesizing the structural gene portion, any 
desired modi?cations can be made simply by substituting 
the appropriate bases for those encoding a native amino acid 
residue. However, DNA segments including sequences iden 
tical to a segment shown in FIG. 1A, 1B, 1C, 1D or IE are 
preferred. 

C. Recombinant DNA Molecules 

The present invention further contemplates a recombinant 
DNA (rDNA) that includes a DNA segment of the present 
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invention operatively linked to a vector. A preferred rDNA 
of the present invention is characterized as being capable of 
directly expressing, in a compatible host, recombinant HIV 
p24 protein or HIV p24-gp41 fusion protein. By “directly 
expressing” is meant that the mature polypeptide chain of 
the protein is formed by translation alone as opposed to 
proteolytic cleavage of two or more terminal amino acid 
residues from a larger translated precursor protein. Preferred 
rDNAs of the present invention are the rDNA plasmids 
pGEXp24 and pGEXp24gp41 illustrated in FIGS. 2A and 
2B, respectively, and the rDNA plasmids pGEXp24gp4l-2 
and pGEXp24gp41-l,2 described in Example 1B. 
A recombinant DNA molecule of the present invention 

can be produced by operatively linking a vector to a DNA 
segment of the present invention. 
As used herein, the term “vector” refers to a DNA 

molecule capable of autonomous replication in a cell and to 
which another DNA segment can be operatively linked so as 
to bring about replication of the attached segment. Vectors 
capable of directing the expression of a HIV p24 protein or 
HIV p24-gp41 fusion protein structural gene are referred to 
herein as “expression vectors”. Thus, a recombinant DNA 
molecule (rDNA) is a hybrid DNA molecule comprising at 
least two nucleotide sequences not normally found together 
in nature. 

The choice of vector to which a DNA segment of the 
present invention is operatively linked depends directly, as 
is well known in the art, on the functional properties desired, 
e. g., protein expression, and the host cell to be transformed, 
these being limitations inherent in the art of constructing 
recombinant DNA molecules. However, a vector contem 
plated by the present invention is at least capable of directing 
the replication, and preferably also expression, of the recom 
binant HIV p24 or HIV p24-gp4l fusion protein structural 
gene included in DNA segments to which it is operatively 
linked. 

In preferred embodiments, a vector contemplated by the 
present invention includes a procaryotic replicon (ori), i.e., 
a DNA sequence having the ability to‘ direct autonomous 
replication and maintenance of the recombinant DNA mol 
ecule extrachromosomally in a procaryotic host cell, such as 
a bacterial host cell, transformed therewith. Such replicons 
are well known in the art. In addition, those embodiments 
that include a procaryotic replicon also typically include a 
gene whose expression confers drug resistance to a bacterial 
host transformed therewith. Typical bacterial drug resistance 
genes are those that confer resistance to ampicillin or 
tetracycline. 

Those vectors that include a procaryotic replicon can also 
include a procaryotic promoter capable of directing the 
expression (transcription and translation) of the recombinant 
HIV p24 structural gene or HIV p24-gp4l fusion protein 
structural gene in a bacterial host cell, such as E. coli, 
transformed therewith. A promoter is an expression control 
element formed by a DNA sequence that permits binding of 
RNA polymerase and transcription to occur. Promoter 
sequences compatible with bacterial hosts are typically 
provided in plasmid vectors containing convenient restric 
tion sites for insertion of a DNA segment of the present 
invention. Typical of such vector plasmids are pUCS, pUC9, 
pBR322 and pBR329 available from Biorad Laboratories, 
(Richmond, Calif.) and pPL and pKK223 available from 
Pharmacia, Piscataway, NJ. 
A variety of methods have been developed to operatively 

link DNA segments to vectors via complementary cohesive 
termini. For instance, complementary homopolymer tracts 
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10 
can be added to the DNA segment to be inserted and to the 
vector DNA. The vector and DNA segment are then joined 
by hydrogen bonding between the complementary 
homopolymeric tails to form recombinant DNA molecules. 

Synthetic linkers containing one or more restriction sites 
provide an alternative method of joining the DNA segment 
to vectors. The DNA segment, generated by endonuclease 
restriction digestion as described earlier, is treated with 
bacteriophage T4 DNA polymerase or E. cali DNA poly 
merase I, enzymes that remove protruding, 3', single 
stranded termini with their 3'—5' exonucleolytic activities 
and ?ll in recessed 3' ends with their polymerizing activities. 
The combination of these activities therefore generates 
blunt-ended DNA segments. The blunt-ended segments are 
then incubated with a large molar excess of linker molecules 
in the presence of an enzyme that is able to catalyze the 
ligation of blunt-ended DNA molecules, such as bacterioph 
age T4 DNA ligase. Thus, the products of the reaction are 
DNA segments carrying polymeric linker sequences at their 
ends. These DNA segments are then cleaved with the 
appropriate restriction enzyme and ligated to an expression 
vector that has been cleaved with an enzyme that produces 
termini compatible with those of the DNA segment. 

Synthetic linkers containing a variety of restriction endo 
nuclease sites are commercially available from a number of 
sources including International Biotechnologies, Inc., New 
Haven, Conn. 

Also contemplated by the present invention are RNA 
equivalents of the above described recombinant DNA mol 
ecules. 

D. Transformed Cells and Cultures 

The present invention also relates to a procaryotic host 
cell transformed with a recombinant DNA molecule of the 
present invention, preferably an rDNA capable of expressing 
a recombinant HIV p24 or HIV p24-gp4l fusion protein, and 
more preferably rDNA plasrrrid pGEXp24, pGEXp24gp4l, 
pGEXp24gp4l-2 or pGEXp24gp4l-l,2. Bacterial cells are 
preferred procaryotic host cells and typically are a strain of 
E. coli, such as, for example, the E. coli strain DHS available 
from Bethesda Research Laboratories, Inc., Bethesda, Md. 
Transformation of appropriate cell hosts with a recombinant 
DNA molecule of the present invention is accomplished by 
well known methods that typically depend on the type of 
vector used. With regard to transformation of procaryotic 
host cells, see, for example, Cohen et al., Proc. Natl. Acad. 
Sci. USA, 692110 (1972); and Maniatis et al., Molecular 
Cloning, A Laboratory Mammal, Cold Spring Harbor Labo 
ratory, Cold Spring Harbor, NY. (1982). 

Successfully transformed cells, i.e., cells that contain a 
recombinant DNA molecule of the present invention, can be 
identi?ed by well known techniques. For example, cells 
resulting from the introduction of an rDNA of the present 
invention can be cloned to produce monoclonal colonies. 
Cells from those colonies can be harvested, lysed and their 
DNA content examined for the presence of the rDNA using 
a method such as that described by Southern, J. Mol. Biol., 
98:503 (1975) or Berent et al., Bi0l8Ch., 3:208 (1985). 

In addition to directly assaying for the presence of rDNA, 
successful transformation can be con?rmed by well known 
immunological methods when the rDNA is capable of 
directing the expression of HIV p24. For example, cells 
successfully transformed with an expression vector produce 
proteins displaying HIV core (p24) antigenicity. Samples of 
cells suspected of being transfonned are harvested and 
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assayed for the presence of HIV p24 using antibodies 
speci?c for that antigen, such antibodies being well known 
in the art. 

Thus, in addition to the transformed host cells themselves, 
the present invention also contemplates a culture of those 
cells, preferably a monoclonal (clonally homogeneous) cul 
ture, or a culture derived from a monoclonal culture, in a 
nutrient medium. Preferably, the culture also contains a 
protein displaying HIV p24 antigenicity and more prefer 
ably, water soluble PHV p24. 

Nutrient media useful for culturing transformed host cells 
are well known in the art and can be obtained from several 
commercial sources. 

E. Methods for Producing Recombinant PHV p24 
and HIV p24-gp4l Fusion Proteins 

Another aspect of the present invention pertains to a 
method for producing recombinant HIV p24 and HIV p24 
gp4l fusion proteins of this invention. 
The present method entails initiating a culture comprising 

a nutrient medium containing host cells, preferably E. coli 
cells, transformed with a recombinant DNA molecule of the 
present invention that is capable of expressing a recombi 
nant HIV p24 protein or a I-HV p24-gp41 fusion protein. The 
culture is maintained for a time period suf?cient for the 
transformed cells to express the recombinant HIV p24 
protein or HIV p24-gp4l fusion protein. The expressed 
protein is then recovered from the culture. 

However, as is well known in the art, the expressed 
protein recovered will not typically contain the amino 
terminal methionine residue present on the initial translation 
product because of cellular processing. 
Methods for recovering an expressed protein from a 

culture are well known in the art and include fractionation of 
the protein-containing portion of the culture using well 
known biochemical techniques. For instance, the methods of 
gel ?ltration, gel chromatography, ultra?ltration, electro 
phoresis, ion exchange, a?inity chromatography and the 
like, such as are known for protein fractionations, can be 
used to isolate the expressed proteins found in the culture. In 
addition, immunochemical methods, such as immunoa?in 
ity, immunoadsorption and the like can be performed using 
well known methods. 

F. Recombinant HIV p24Protein, I-HV p24-gp4l 
Fusion Proteins and PHV p24'A5 Conjugate 

Compositions 

In another embodiment, the present invention contem 
plates a composition containing HIV p24 protein that is 
essentially free of both procaryotic antigens (i.e., host cell 
speci?c antigens) and other HIV-related proteins. 
By “essentially free” is meant that the ratio of HIV p24 

protein to either procaryotic antigen or other HIV-related 
protein is at least 1000:1, and preferably is 10,000zl. 
The presence and amount of contaminating protein in a 

recombinant protein preparation can be determined by well 
known methods. Preferably, a sample of the composition is 
subjected to sodium dodecy sulfate-polyacrylamide gel elec 
trophoresis (SDS-PAGE) to separate the recombinant pro 
tein from any protein contaminants present. The ratio of the 
amounts of the proteins present in the sample is then 
determined by densitometric soft laser scanning, as is well 
known in the art. See Guilian et al., Anal. Biochem, 
129:277—287 (1983). 
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12 
Preferably, the HIV p24 protein present in the composi 

tion has an amino acid residue sequence represented by FIG. 
1A from residue 1 or 2 to residue 232. 

A HIV p24-gp4l fusion protein is contemplated in the 
present invention having an amino acid residue sequence 
corresponding from its amino-terminus to its carboxy-ter 
minus to the amino acid residue sequence shown in FIG. 1B 
from residue 1 or 2 to about residue 248, in FIG. 1C from 
residue 1 or 2 to about residue 249, in FIG. 1D from residue 
1 or 2 to about residue 324, or in FIG. 1E from residue 1 or 
2 to about residue 274. A preferred HIV p24-gp41 fusion 
protein has a sequence corresponding to, and more prefer 
ably identical to, the residue sequence in FIG. 1B from 
residue 1 or 2 to about residue 257, in FIG. 1C from residue 
1 or 2 to about residue 258, in FIG. ID from residue 1 or 2 
to about residue 333, or in FIG. 1E from residue 1 or 2 to 
about residue 283. Also contemplated are compositions 
containing a HIV p24-gp41 fusion protein of this invention. 

Preferred HIV antigens of the present invention have a 
common amino terminal portion corresponding in amino 
acid residue sequence to the sequence represented in FIG. 
1A from residue 1 or 2 to residue 224 (i.e., a p24 derived 
portion), and have varying carboxy termini, preferably 
including an amino acid residue sequence capable of immu 
nologically mimicking an HIV gp41 epitope. For example, 
preferred HIV p24-gp4l fusion proteins are represented in 
FIG. 6 having several contemplated carboxy termini. In 
preferred embodiments, the HIV p24-gp4l fusion proteins 
are in non-reduced form, i.e., are substantially free of 
sulfhydryl groups because of intramolecular Cys-Cys bond 
mg. 

In preferred compositions, the IHV p24 protein, HIV 
p24-gp41 fusion protein, or HIV p24-A5 conjugate as 
described hereinbelow, is present in a pharmaceutically 
acceptable carrier. 
As used herein, the phrase “pharmaceutically acceptable” 

refers to molecular entities and compositions that do not 
produce an allergic or similar untoward reaction, such as 
gastric upset, dizziness and the like, when administered to a 
mammal. The pharmaceutically acceptable carrier may take 
a wide variety of forms depending upon the intended use of 
the preparation. In any case, the compositions contain at 
least about 0.001% to about 99%, of recombinant HIV p24 
protein, I-HV p24-gp41 fusion protein or HIV p24-A5 con» 
jugate as an active ingredient, typically at a concentration of 
about 10ug/ml. 
As an example, a recombinant HIV p24 protein of the 

present invention can be utilized in liquid compositions such 
as sterile suspensions or solutions, or as isotonic prepara 
tions containing suitable preservatives. 
A recombinant HIV p24 protein, HIV p24gp-41 fusion 

protein or HIV p24-A5 conjugate of the present invention 
can also be used in the form of liposomes. As is known in 
the art, liposomes are generally derived from phospholipids 
or other lipid substances. Liposomes are formed by mono~ 
or multi-larnellar hydrated liquid crystals that are dispersed 
in an aqueous medium. Any non-toxic, physiologically 
acceptable and metabolizable lipid capable of forming lipo 
somes can be used. The present compositions in liposome 
form can contain, in addition to a recombinant HIV p24 
protein, HIV p24-gp4l fusion protein or HIV p24~A5 con 
jugate of the present invention, stabilizers, preservatives, 
excipients, and the like. The preferred lipids are the phos 
pholipids and the phosphatidyl cholines (lecithins), both 
natural and synthetic. 

Methods to form liposomes are known in the art. See, for 
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example, Prescott, Ed., Methods in Cell Biology, Volume 
XIV, Academic Press, New York, NY. (1976), p. 33 et seq. 
A composition useful for inducing anti-p24 antibodies in 

a mammal can contain a HIV p24 protein, HIV p24-gp41 
fusion protein or HIV p24-A5 conjugate of this invention, 
formulated into the composition as a neutralized pharma 
ceutically acceptable salt form. Pharmaceutically acceptable 
salts include the acid addition salts (formed with the free 
amino groups of the polypeptide or antibody molecule) and 
which are formed with inorganic acids such as, for example, 
hydrochloric or phosphoric acids, or such organic acids as 
acetic, oxalic, tartaric, mandelic, and the like. Salts formed 
with the free carboxyl groups can also be derived from 
inorganic bases such as, for example, sodium, potassium, 
ammonium, calcium, or ferric hydroxides, trimethylamine, 
Z-ethylamino ethanol, histidine, procaine, and the like. 
The HIV p24 protein-, HIV p24-gp41 fusion protein- or 

HIV p24-A5 conjugate-containing composition is conven 
tionally administered parenterally as by injection of a unit 
dose, for example. The term “unit dose” when used in 
reference to a composition used in the present invention 
refers to physically discrete units suitable as unitary dosages 
for humans, each unit containing a predetermined quantity 
of active material calculated to produce the desired thera 
peutic effect in association with the required carrier. 
The composition is administered in a manner compatible 

with the dosage formulation, and in a therapeutically eifec 
tive amount. The quantity to be administered depends on the 
subject to be treated, capacity of the subject’s immune 
system to utilize the active ingredient, and degree of immune 
response desired. Precise amounts of active ingredient 
required to be administered depend on the judgement of the 
practitioner and are peculiar to each individual. However, 
suitable dosage ranges are of the order of one to ten 
micrograms of recombinant HIV p24 protein, HIV p24gp41 
fusion protein or HIV p24-A5 conjugate per kilogram body 
weight, depending on the route of administration. Typically, 
a unit dose for an adult human is from 100-200 micrograms 
when administered by parenteral injection. 

It should be understood that in addition to the aforemen 
tioned carrier ingredients the pharmaceutical formulation 
described herein can include, as appropriate, one or more 
additional carrier ingredients such as diluents, bulfers, ?a 
voring agents, binders, surface active agents, thickness, 
lubricants, preservatives (including antioxidants) and the 
like, and substances included for the purpose of rendering 
the formulation isotonic with the blood of the intended 
recipient. 

G. HIV p24-A5 Conjugate 

The present invention contemplates an antigenic conju 
gate comprising a subject HIV p24 protein operatively 
linked via an amino acid residue side group to a polypeptide 
designated A5. Polypeptide A5 has an amino acid residue 
sequence represented by the formula: 

Asp-Gln»Gln-Leu-Leu-Gly-Ile-Trp-Gly-Cys-Ser-Gly-Lys-Leu-Ile 
Cys-Thr-Thr-Ala-Val-Pro-TrP-Asn-Cys. 

Polypeptide A5 contains as its amino acid residue 
sequence a portion of the HIV gp4l amino acid residue 
sequence and, when used in an HIV p24A5 conjugate, also 
includes the cysteine (Cys) residue shown in the above 
formula at the carboxy terminus to facilitate operative 
linkage to a subject HIV p24 protein. 
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Methods for operatively linking polypeptides through an 

amino acid residue side group are well known in the art. 
Those methods include linking through one or more types of 
functional groups on various side chains and result in the 
respective polypeptide backbones being covalently linked 
(coupled) but separated by at lease one side group. 

Useful side chain functional groups include epsilon 
amino groups, beta- or gamma-carboxyl groups, thio (—SH) 
groups and aromatic rings (e.g. tyrosine and histicline). 
Methods for linking polypeptides using each of the above 
functional groups are described in Erlanger, Method of 
Enzymology, 70:85 (1980), Aurameas, et al., Scand. J. 
ImmunoL, Vol. 8, Suppl. 7, 7-23 (1978) and U.S. Pat. No. 
4,493,795 to Nestor et al., whose disclosures are all incor 
porated herein by reference. In addition, a site-directed 
coupling reaction, as described in Rodwell et al., Biotech, 
3:889—894 (1985), can be carried out so that the biological 
activity of the polypeptides is not substantially diminished. 

Furthermore, as is well known in the art, both HIV p24 
and polypeptide A5 can be used in their native form or their 
functional group content can be modi?ed by succinylation of 
lysine residues or reaction with cysteine-thiolactone. A 
sulfhydryl group may also be incorporated into either 
polypeptide by reaction or amino functions with Z-iminothi 
olane or the N-hydroxysuccinimide ester of 3- (3-dithiopy 
ridyl) propionate. The polypeptides can also be modi?ed to 
incorporate spacer arms, such as hexamethylene diarnine or 
other bifunctional molecules of similar size, to facilitate 
linking. 

Particularly useful in forming linkages for coupling HIV 
p24 protein and polypeptide A5 are a large number of 
heterobifunctional reagents which generate a disul?de link 
at one functional group end and a peptide link at the other, 
including N-succidimidyl-3-(2-pyridyldithio) proprionate 
(SPDP). This reagent creates a disul?de linkage between 
itself and a cysteine residue in one protein and an amide 
linkage through an epsilon-amino group on a lysine or other 
free amino group in the other. A variety of such disul?de/ 
amide forming agents are known. See for example Immun. 
Rev., 621185 (1982). Other bifunctional coupling agents 
form a thioester rather than a disul?de linkage. Many of 
these thioester forming agents are commercially available 
and include reactive esters of 6~maleimidocaproic acid, 
2-bromoacetic acid, 2-iodoacetic acid, 4-(N-maleimido-me 
thyl) cyclohexane-l-carboxylic acid and the like. The car 
boxyl groups can be activated by combining them with 
succinirnide or 1-hydroxy-2-nitro-4~sulfonic acid, sodium 
salt. The particularly preferred coupling agent for the 
method of this invention is succinimidyl 4-(N-maleimidom 
ethyl) cyclohexane-l-carboxylate (SMCC) obtained from 
Pierce Company, Rockford, Ill. The foregoing list is not 
meant to be exhaustive, and modi?cations of the named 
compounds can clearly be used. 

Polypeptide A5 can be synthesized by any of the tech 
niques that are known to those skilled in the polypeptide art. 
Synthetic chemistry techniques, such as a solid-phase Mer 
ri?eld-type synthesis, are preferred for reasons of purity, 
antigenic speci?city, freedom from undesired side products, 
ease of production and the like, and can be carried out 
according to the methods described in Merri?eld et al., J. 
Am. Chem. Soc., 85:2149—2154 (1963) and Houghten et al., 
Int. J. Pept. Prot. Res., l6z3ll~320 (1980). An excellent 
summary of the many techniques available can be found in 
J. M. Steward and J. D. Young, “Solid Phase Peptide 
Synthesis” W.H. Freeman Co., San Francisco, 1969; M. 
Bodanszky, et al., “Peptide Synthesis”, John Wiley & Sons, 
Second Edition, 1976 and J. Meienhofer, “Hormonal Pro 


















